genetic fathers.
Nottingham NG7 2UH, UK Successful spermatid fertilization has been achieved in 2 To whom correspondence should be addressed animals, particularly the mouse and hamster (Ogura and Yanagimachi, 1993; Ogura et al., 1993) . The delivery of Human spermatids from ejaculate and testicular tissue normal, healthy and fertile offspring has been reported in the have been utilized for evaluating human fertilization by mouse (Ogura et al., 1994; Kimura and Yanagimachi, 1995a ) intracytoplasmic sperm injection (ICSI) and, where possand rabbit (Sofikitis et al., 1994) . Human fertilization and ible, compared with spermatozoa utilizing sibling oocytes.
early cleavage have been reported by Vanderzwalmen et al.
Round and elongated spermatids obtained from ejaculates
(1995) using a spermatid for conception with intracytoplasmic were either prepared through Percoll gradients or isolated sperm injection (ICSI), but these workers did not report the and washed individually using subzonal insemination stage of the spermatid used. achieved a needles (SUZI; 10-14 µm internal diameter). Seminiferous successful birth using round spermatids from the ejaculate, tubules obtained after biopsy were placed into HEPESwhile Fishel et al. (1995 Fishel et al. ( , 1996 utilized an elongated spermatid buffered Earle's medium and dissected using 21-gauge extracted directly from the seminiferous tubules.
needles. Spermatogenic cells and spermatozoa were isolated
However, the births of two healthy male children after and washed individually using SUZI needles. Spermatozoa conception using round spermatids from the ejaculate (Tesarik were subsequently injected into the ooplasm using 5 µm et al., 1995) and of a healthy female from an elongated (internal diameter) ICSI needles, whereas 8-9 µm (internal spermatid extracted from the testes (Fishel et al., 1995 (Fishel et al., , 1996 ) diameter) needles were used for spermatid injection. Only provide little information on the efficiency of this technology. metaphase II oocytes (n ⍧ 207) were injected: 64 with Two recent reports from Tesarik and Mendoza (1996) and round spermatids, 92 with elongated spermatids and 51 have described the fertilization rate in a with spermatozoa; the fertilization rate was 30, 24 and series of 11 cases in which either round or elongated spermatids 67% respectively. There was a significant (P < 0.001) were utilized from the ejaculate. These authors further detailed increase in the fertilization rate using spermatozoa compared with spermatids. The fertilization rate was not the embryological procedures employed in their studies. Here different between round and elongated spermatids, we have attempted to evaluate the efficiency of fertilization although the fertilization rates for round and elongated by comparing round with elongated spermatids from both the spermatids in the ejaculate were 33 and 18% respectively, ejaculate and dissected seminiferous tubules. We have also compared with 22 and 38% respectively when testicular attempted to compare the performance of ejaculated elongated spermatids were utilized. In three patients sibling oocytes and round spermatids with testicular spermatozoa from the were used to compare round and elongated spermatids same patient, injected into sibling oocytes. found in the ejaculate with spermatozoa extracted from seminiferous tubules. The fertilization rate was 24% for spermatids and 79% for testicular spermatozoa. This result Materials and methods suggests that, should only spermatids be available in the Introduction spermatozoa) available in the seminal plasma; in five patients gametes
The recent publications of human conception and birth using were obtained only from testicular biopsy, while three patients had spermatids obtained from the ejaculate but spermatozoa extracted spermatid injection (Fishel et al., 1995 (Fishel et al., , 1996 from the seminiferous tubules. All males attended for unobstructed Statistics azoospermia, four with partial Sertoli cell-only syndrome on a Comparisons between groups were assessed using χ 2 . previous biopsy report. None of the female partners had any indication of subfertility.
Results

Ovarian stimulation
The severity of the male condition, partial Sertoli cell-only
The protocols and procedures for female patients undergoing pituitary desensitization and follicular stimulation have been published previsyndrome, testicular atrophy, elevated follicle stimulating horously, in addition to details of the ICSI procedure per se (Fishel mone and azoospermia, had no apparent relevance to the et al., 1995) . fertilization rate in this study. The overall data are expressed in Table I . The fertilization rate with spermatids was 26.3%, Preparation of spermatozoa compared to 66.7% with spermatozoa (P Ͻ 0.001). The
In all patients one or two split ejaculates were obtained in an attempt fertilization rate in the ejaculated spermatids, round and to isolate spermatogenic stages. In eight patients testicular biopsies elongated combined, was 24%, compared with 31% for those had to be performed. The ejaculates of patients were prepared on 45 extracted from the seminiferous tubules (not significant). The and 90% discontinuous Percoll (Sigma, Poole, UK) gradients as described previously (Fishel et al., 1995) . In three patients, because fertilization rates with testicular and ejaculated spermatozoa of increased viscosity, the seminal plasma was aspirated and ejected were 74 and 63% respectively. In all cases utilizing spermatids, through a 19-gauge needle to break the viscosity, before layering from an ejaculated or testicular source, the spermatids, round over the Percoll. In three patients the seminal plasma was first or elongated, performed much less efficiently than spermatozoa.
centrifuged at 500 g for 10 min to concentrate the seminal components.
The source of spermatids, however, did seem to have an effect
The pellet was resuspended in 0.5 ml seminal plasma and layered on the fertilization rate. Round spermatids recovered from the over the Percoll gradient. Three of the patients had few cells and the ejaculate had a fertilization rate of 33%, compared with 21% spermatids were isolated directly from seminal plasma, using subzonal in those from the seminiferous tubules. Successful fertilization insemination (SUZI) needles (Fishel et al., 1992) with a progressively for elongated spermatids seemed to occur in a reverse pattern, decreasing internal diameter (14-10 µm), and washed through media with a rate of 18% compared with 38% when the source was individually.
ejaculate compared with testicular respectively (Table I) . These Seminiferous tubules biopsied from the testicle were dissected using 21-gauge needles in ICSI medium (Fishel et al., 1995) . After data indicate a trend only (P ϭ 0.075).
removal of the large clumps of tissue, the medium and smaller debris Table II shows the individual patient data. In addition, in were isolated and left at room temperature or 37°C in droplets under three patients (nos. 16-18) it was possible to extract spermatoparaffin oil. At~2-5 h later, spermatogenic stages were removed zoa from testicular material when only spermatids were availfrom these droplets using 12 µm internal diameter SUZI microinjection able from the ejaculate. These three patients provided a unique needles. Motile spermatozoa had usually migrated to the edges of the comparison when tests were performed with sibling oocytes. droplet, thus facilitating collection. Each spermatogenic stage was These data were similar to the previous 15 cases, with a isolated, washed through ICSI medium using microinjection needles, fertilization rate of 79% (11/14) for testicular spermatozoa either individually or in small groups, and placed in 10% polyvinylpyrcompared with 18 (2/11) and 30% (3/10) for ejaculated rolidone (Medicult, Imperial Laboratories, Andover, UK) ready for elongated and round spermatids respectively. ICSI. Spermatozoa were injected into the ooplasm using 5 µm ICSI needles (Fishel et al., 1995) , whereas 9 µm needles were In only three oocytes injected with round spermatids only, used for spermatid injection. Round spermatids tended to deform to did one pronucleus (presumably male) remain small (Kimura differing extents during aspiration into the needle. This effect on and Yanagimachi, 1995b; Tesarik and Mendoza, 1996) . Oocyte membrane integrity was not studied. damage during this work was~12%, similar to our conventional ICSI programme. No difference was observed in the incidence Culture in vitro and embryo transfer of single or multi-pronucleate formation, cleavage or the The culture of injected oocytes, the observation of pronuclei and the morphological quality of embryos compared with conventional culture of zygotes and embryos have all been described previously (Fishel et al., 1995) .
ICSI. However, in only one of these cases was implantation 
a Round and elongated spermatids came from the ejaculate, while spermatozoa were extracted from seminiferous tubules in all three patients.
the clear result of an embryo transferred after conception with tion using intracytoplasmic injection of isolated round spermatid nuclei in the rabbit (Sofikitis et al., 1994) and of intact a spermatid (Fishel et al., 1995 (Fishel et al., , 1996 . This female baby was spermatids in mice (Kimura and Yanagimachi, 1995a) has delivered at the beginning of January 1996 and is in good been reported. Recently demonstrated health. In all other cases reliable implantation data were that by using direct intracytoplasmic injection the normal unavailable, because of mixed embryo transfer or failure to fertilization rate with human oocytes was 43% (n ϭ 47) for conceive.
intact round spermatids and 44% (n ϭ 39) for intact elongated spermatids both obtained from the ejaculate.
Discussion
In this study, using sibling oocytes, the overall fertilization The causes of spermatogenic arrest are many and include rate with spermatids was significantly lower than that with undescended testicles, Kallman's syndrome, Sertoli (partial or spermatozoa (26.3 and 66.7% respectively). There was no complete) cell-only syndrome, post-pubertal tubular atrophy significant difference in the overall fertilization rate when (e.g. mumps), Kleinfelter syndrome, unexplained spermatocomparing the source of the spermatids, i.e. ejaculate or genic arrest and as a consequence of chemotherapy. For some testicular. However, the data suggested that the developmental of these men who wish to become genetic fathers, this can stage of the spermatid in relation to the source may be relevant. only be achieved using spermatid microinjection technology.
From testicular tissue there was a trend towards increased Our understanding of genetic, molecular and biochemical fertilization if elongated spermatozoa were utilized, but the maturation during spermatogenesis is scant, as is our knowledge converse was observed (i.e. round Ͼ elongated) if spermatids of the process of fertilization and the consequence of using were isolated from the ejaculate. This most probably reflects premature sperm cells on subsequent embryogenesis and the small number of cases and it is too early to postulate causes. human development. However, recent publications on gametic However, a 24% incidence of two-pronucleate fertilization in genomic imprinting and the cell biology of fertilization have this study using ejaculated spermatids compares with 43% allayed some of our concerns, and this has been reviewed reported by . Comparing round and recently (Fishel et al., 1996) . elongated spermatids from ejaculate, the fertilization rates The birth of the first mammalian offspring after spermatid were 33 and 18% respectively in this study, compared with conception was reported by Ogura et al. (1994) , who used 43 and 44% respectively in the report by . electrofusion of mouse oocytes with whole or round spermatids.
A cross-study comparison suggests a possible difference in Electrofusion was considered (Ogura et al., 1993) because the the results obtained with elongated spermatids. Technical first direct injection of a round spermatid isolated nuclei (Ogura differences between the studies, such as the vigour of ooplasmic and Yanagimachi, 1993) into hamster oocytes resulted in aspiration (which affects oocyte activation by divalent cation influx; Tesarik and Sousa, 1995) and the size of the needle cleavage arrest at the 2-cell stage. However, successful fertiliza-[this study used needles 2-3 µm (internal diameter) larger] are Recent work in our unit on the H19 gene (unpublished) confirms completion of gametic imprinting in the testes after unlikely to be significant. Furthermore, the similar results obtained with round spermatids also indicate the relative the second meiotic division. This supports the biological data of Ogura et al. (1994) . Conversely, the clinical results of Fishel unimportance of technical differences. A larger series is required to confirm the findings in this study, that elongated et al. (1995, 1996) and indicate that in human spermatogenic cells gametic imprinting is complete by spermatids are less efficient than round spermatids from the ejaculate. However, in view of the results of Tesarik et al. the round and elongated spermatid stage. For a detailed discussion on the role of the sperm centrosome, gametic (1996), we suspect this is unlikely.
Intracytoplasmic injection of round spermatid nuclei has been imprinting, spermatogenic DNA, oocyte/spermatid cell cycles and oocyte activation, in relation to the use of spermatids for tried clinically (Sofikitis et al., 1994) . Apparently four of 93 patients having embryo transfer conceived, but all miscarried human conception, see Fishel et al. (1996) . This study confirms observations reported previously by spontaneously (Hannay, 1995) . The method employed by and ourselves (Fishel et al., 1995) was , that spermatid injection gives a significantly lower efficiency of fertilization compared with intracytosimilar to conventional ICSI, and therefore to the cell biological processes of conception. Nucleus isolation per se may affect plasmic injection of spermatozoa. However, from comparative data in this study we would conclude that should only immature the nuclear envelope, with a potential loss of genetic material (Hannay, 1995) . Furthermore, relevant cytosolic components spermatogenic cells be available in the ejaculate, then a testicular biopsy would be worth performing in the hope of will be lost. It is now accepted that, contrary to observations on rodents, the human centrosome is paternally inherited, and is obtaining spermatozoa, unless there was a clinical contraindication to a biopsy. Until there is a significant improvement necessary for the first and subsequent mitotic spindle formation during cleavage (Sathananthan et al., 1991; Simerly et al., 1995) .
in the efficiency of spermatid conception (currently under investigation in our unit), testicular biopsy, before using In addition to the loss of the centrosome, a sperm factor responsible for triggering oocyte activation by releasing internal calcium ejaculated spermatids, is our preferred approach. ion stores (Ca 2ϩ [i] ) has been identified recently as an oligomer with a 33 kDa subunit (Parrington et al., 1996) and is purported References to be cytosolic (Swann, 1990; Swann and Ozil, 1994) . However, Fishel, S.B., Timson, J., Lisi, F. et al. (1992) (1995) and , but this cannot be assumed Sathananthan, A.H., Kola, I., Osborne, J. et al. (1991) Yanagimachi (1995b) because of a maternal inheritance of the Simerly, C., Wu, G., Zoran, S. et al. (1995) The paternal inheritance of the centrosome in rodents. Studies on conception using human centrosome, the cell's microtubule organising center, in humans and the implications for infertility. Nature Med., 1, 47-52.
spermatocytes would be needed to evaluate the normality of Sofikitis, N., Zavos, P., Koutselinis, A. et al. (1994) Achievement of pregnancy the centrosome at this stage of spermatogenesis.
after injection of round spermatid (RS) nuclei into rabbit oocytes and Genomic imprinting during mouse spermatogenesis has been embryo transfer: a possible mode of treatment for men with spermatogenic arrest at the spermatid stage. J. Urol., 5, 151. examined by assessing methylation sites in a number of genes.
